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Determination of the Concentration of Manganese in the Phases. We used flame atomic absorption (FAA) spectroscopy to measure the concentration of manganese in each phase of an AMPS. We constructed a standard curve by plotting known concentrations of manganese in ppm against absorption intensity. Using the equation of the line generated from the plot, we were able to calculate the concentration of manganese in an AMPS.
Characterization of the Magnetic Susceptibilities by the Evans Method.
We estimated the mass magnetic susceptibilities for the manganese ions in the levitating media by NMR using the Evans method. 1, 2 The NMR spectroscopy was performed on a Varian
Mercury 400 MHz spectrometer in standard (5 mm diameter, 8" length) NMR tubes (Wilmad LabGlass).
We added the aqueous solution of interest (to which we previously added 2% v/v of dioxane) to a NMR tube containing a capillary insert filled with D2O containing 2% v/v of dioxane. We obtained two resonance peaks for dioxane: the solvent in the insert showed the standard values of chemical shift for this compound, while the chemical shift of the solvent in the rest of the tube is affected by the paramagnetic ions in solution. We calculated the effective mass magnetic susceptibility of the manganese ions in the studied solutions using the following equation (Equation S1):
Where  is the frequency of the spectrometer,  is the observed difference in chemical shift, m is the mass concentration of the paramagnetic species (in g/cm 3 ), 0 is the magnetic susceptibility of the solvent, ρ0 is the density of the solvent and ρa is the density of the analyte solution. The second and third term correct for the diamagnetism of the solvent and the difference in diamagnetism between the solvent and the analyte solution.
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Using the mass magnetic susceptibility and the molecular weight of manganese, we calculated the molar magnetic susceptibility. We assume that the phases of AMPS are predominantly water. Even with this slight overestimation, the change to the calculated density from accounting for diamagnetism is smaller than the overall uncertainty of the estimate. 3 Substituting in only measured and constant variables into equation S1, we have:
All numbers are calculated using SI units, but final densities are reported in units of g/cmS-6 [b] Densities calculated using the χM measured by Evans method for each solution.
[c] Densities claimed by the manufacturer to a precision of 0.0002 g/cm 3 .
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Estimation of Uncertainty in Calculations of Density. Assuming the variables in equation S2 are independent, we estimate the uncertainty using the standard approximation for the propagation of error:
Uncertainty for each variable is based on the standard deviation of replicate measurements for (n = 7) and (n = 8), and by measurement uncertainty for ℎ, , 0 , and .
Experimental Details
Details of Characterization of each AMPS. We characterized the composition, density, concentration of manganese ions, and molar magnetic susceptibility for each phase of the AMPS we investigated ( Table S- When one phase of an AMPS is separated and used alone as a paramagnetic solution, the range of densities that can be levitated in a standard cuvette is a function of the density and the magnetic susceptibility of the phase. The range of densities available for both the PEG-rich top phase and the dextran-rich bottom phase are described in Table S The concentration of Mn 2+ in the bottom phase of the AMPS is more than four times that of the top phase; correspondingly, the range of densities available in the bottom phase is more than four times the range of densities available in the top phase (Table S-4). 
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Tuning the Step in Density of a Paramagnetic AMPS. To demonstrate how changing the position of the interface of a paramagnetic AMPS in a magnetic field gradient could be used to tune the step in density at the interface, we used a two-phase AMPS of 4.5%
(wt/vol) PEG (MW = 20 kDa) and 9% (wt/vol) dextran (MW = 500 kDa) with 584 mM MnCl2. After dispensing the AMPS into a short (~19 mm) plastic cuvette, we covered the system and allowed phase separation to occur overnight. We added two polystyrene and Nylon beads into the system and allowed the AMPS to degas under vacuum for 30 minutes.
We used a more powerful MagLev device (5.08 cm by 10.2 cm surface with a thickness of 5.08 cm, a separation distance between magnets of 47 mm, and a surface field of 0.40 T) to provide a smaller slope in the effective density gradient in each phase; reducing the slope leads to a larger shift in density for an interface moving between two heights.
In order to position the AMPS just below the top magnet, we placed the cuvette on a stack of 27 glass slides above the bottom magnet. We then allowed the system to equilibrate for two minutes. In this configuration (with the interface near the top of the MagLev device), the interface bins the lower density objects like polystyrene while higher density objects like Nylon rest at the bottom of the container (Figure 5) . We then removed one glass slide at a time, allowed the system to equilibrate, and took a photo of the beads. Each glass slide had a thickness of 1 mm and, thus, we captured images of the cuvette at a height above the bottom magnet ranging from 0 to 27 mm.
From the original AMPS solution, we also dispensed 14 mL into a conical tube and centrifuged it for 20 minutes at 2,500 g. After centrifugation, phases were fully separated.
Using a pipette, we removed ~6 mL of the top phase. We then punctured the bottom of the conical tube with a 16 gauge needle and dripped ~6 mL of the bottom phase into a separate container. We put each of these fractions into standard, square plastic cuvettes and used density standard glass beads to measure the slope of the effective gradient in density of each S-13 phase. We also used these systems to levitate the individual Nylon and polystyrene beads to determine their density. The slopes and density values were used to construct the plots in Figure 5 .
